Helicobacter pylori are a capnophilic bacterium, which colonize gastric mucosa and are resistant to acidic and oxidative damage. Thiol-active proteins subserve redox functions in tolerating oxidative stress and environmental toxicants, such as hydrogen peroxide and hypochlorous acid. We analyzed disulfide-containing proteins of H. pylori strain 26695. Active disulfide-containing proteins were separated by thiol-affinity chromatography, displayed with two-dimensional electrophoresis (2-DE), and identified by MALDI-TOF-MS. Thirty-five putative disulfide proteins, including AhpC (HP1563), GroEL (HP0011), and FrdB (HP0191), were identified in this study. In addition, 4 disulfide proteins of HypB, FusA, TufB, and AhpC showed enhanced intensities in the periplasmic space when compared with the pellet, suggesting that these proteins might play roles in the first redox system against environmental oxidative stresses. Disulfide-containing proteins identified in this study will provide the standard landscape for constructing the proteome components responsible for redox regulation of H. pylori.
INTRODUCTION
Helicobacter pylori were first isolated in 1982 by Warren and Marshall (1) . H. pylori are gram-negative, spiral-shaped, and capnophilic bacterium, that cause acute and chronic gastritis in humans. More than half of the world's population is infected with H. pylori (2, 3) , and although most people infected with H. pylori are asymptomatic or do not develop serious illness (4, 5) . However, prolonged exposure of human gastric mucosa to H. pylori has been linked to the development of gastroduodenal ulcers and gastric cancer (6~12). H. pylori has been well known as a microaerobic organism, however, it was recently reported that increased CO 2 was required for the growth of H. pylori in vitro, due in part to the presence of carbamoyl-phosphate synthetase (13) and acetyl-CoA carboxylase (14) . In addition, the best atmospheric condition for exuberant growth of H. pylori was demonstrated to be a CO 2 concentration of 5~10% and an O 2 concentration of 18.5~19.4%, meaning that this bacterium is capnophilc, rather than microaerophilic (15) .
H. pylori is thought to have a variety of redox mechanisms
for the defense against oxidants.
Residues of the amino acid cysteine have endowed the proteins with structural, catalytic, and regulatory features 211 due to the nucleophilicity of the thiol functional group (16, 17) . By responding to oxidative stress and environmental toxicants, cysteine serves as a key residue in enzyme catalysis (18) , protein oxidative folding (19) and trafficking (20, 21) , as well as redox signaling and regulation (22~26).
The cysteine residue exists in vivo in the fully reduced free thiol form (-SH or -S -) and can oxidized reversibly to the sulfenic (-SOH) form, the thiyl radical (-S
• ), the disulfide bond (Cys-S-S-Cys), the S-nitrosylated form (-S-NO), or sulfenic esters (-SCO 2 R) the sulfenyl hydrochloride intermediate (-SCl), and irreversibly to the sulfinic (SO 2 H) and sulfonic (-SO 3 H) acid forms (16, 17, 27) .
Under the oxidative stress response, reduced free thiol forms of cysteine residues are oxidized to sulfenic acid and are then rapidly condensed to form disulfide bonds through intra-and intermolecular interaction or glutathionylation (17) .
Over the past years, disulfide containing proteins have been reported from various samples, Dsb family in prokaryotes (28, 29) and PDI family in the endoplasmic reticulum (ER) (30, 31) bovine serum, vancomycin (10 μg/ml), nalidixic acid (25 μg/ml), and amphotericin B (1 μg/ml) at 37℃ under 10% CO 2 and 100% humidity as described previously (52) . The strains were subcultured on a brucella agar plate supplemented with 10% bovine serum and cultured under the same conditions. The strains were daily subcultured on new agar plates until obtaining a homogenous bacterial growth.
Bacterial masses were collected for experiments after examining whether most bacteria showed a typically curved shape in the microscopic observation using Gram staining.
Protein extraction, alkylation and reduction
Preparation of disulfide containing proteins was carried out as described previously (53 
Thiol-affinity chromatography
We performed thiol-affinity chromatography as described previously (53) . Alkylation and reduction of the sample was applied onto a 2 ml activated thiol-sepharose 4B
(Sigma-Aldrich Korea) resin pre-equilibrated with Tris/SDS buffer. The column was washed twice with 6 ml of the same buffer. The bound proteins were eluted with 2 ml Tris/SDS buffer containing 100 mM dithiothreitol (DTT).
Preparation of periplasmic fraction
The periplasmic fraction of H. pylori cells were prepared by osmotic shock treatment as previously described (54 
Destaining and in-gel digestion of protein spots
The silver-stained spots were excised from the 2-DE gels and were transferred into microcentrifuge tubes. The spots were de-stained with fresh chemical reducers in a 1:1 ratio of 30 mM potassium ferricyanide and 100 mM sodium thiosulfate, as described previously (55, 56) , with occasional mixing until the brownish color disappeared.
The gel pieces were rinsed three times with distilled water to stop the reaction. Ammonium bicarbonate (500 μl of 
MALDI-TOF-MS and protein identification
For the matrix solution, α-cyano-4-hydroxycinnamic acid were not found, the molecular mass window was extended.
Pyroglutamic acid modification of N-terminal glutamine, oxidation of methionine, and acrylamide modification of cysteine were taken into consideration. Figure 1 . SDS-PAGE analysis of flow-through and eluted fraction in the thiol-affinity chromatography applied to H. pylori 26695 whole cell extract that was subjected to alkylation and reduction. M, protein size marker; 1, the whole cell extract; 2, thiolaffinity-unbound protein, flow-through fraction; 3, thiol-affinitybound proteins, eluted fraction. Proteins were resolved with 12% SDS-gels. The gel was stained with coomassie blue.
RESULTS

Preparation of protein sample of H. pylori strain 26695 by thiol-affinity chromatography
The whole cells of H. pylori strain 26695 were disrupted by ultrasonic dismembrator. The total proteins of H. pylori strain 26695 were treated by alkylation and reduction cocktail, and then fractionated on thiol-affinity chromatography. The protein mixture eluted from thiol-affinity chromatography was analyzed by resolving on 12% SDS-PAGE and staining with coomassie blue (Fig. 1) . Major bands of whole cell extract were reduced, and several bands newly appeared on the eluted fraction as shown in Fig. 1 .
Two-dimensional electrophoresis analysis
The (Fig. 2) . Represented protein spots on 2-DE gels were identified by MALDI-TOF-MS (Table 1) . In this study, 67 spots were identified, which represented 35 genes.
Several proteins, such as chaperone and heat shock protein spots showed more than 2-fold higher intensity in the periplasmic fraction than in the pellet when their intensities were determined by PDQUEST program. Of them, 11
protein spots could be identified by peptide fingerprint using MALD-TOF MS, as shown Table 2 . Here, 4 proteins such as HypB (HP0900), FusA (HP1195), TufB (HP1205), and AhpC (HP1563) were thiol-active proteins.
DISCUSSION
Cysteine is one of the most rarely used amino acids in the proteins of most organisms studied so far. Therefore, when highly conserved in proteins, it usually plays crucial roles in the structure, function, or regulation of the protein (16, 17) .
The redox regulation of protein function plays an important role in many biological processes. Here, comprehensive analysis of disulfide-containing proteins of H. pylori whole cell extract was attempted, using thiol-affinity chromatography and proteome analysis. In this study, total proteins extracted from H. pylori strain 26695 were treated with thiol-alkylating cocktail, containing both N-ethylmaleimide and iodoacetamide for blocking the free thiol residues of proteins. After complete removal of alkylating reagents, disulfide bonds were reduced to produce free thiols with tributylphosphine. Reduced proteins with one or more free thiol groups were covalently captured on a thiol-sepharose column. Thiol groups of proteins were covalently bound to the resin via a thiol-disulfide exchange reaction. This chromatography was developed to purify proteins that have reactive thiol groups. However, thiol-exchange reaction of resin was exploited to isolate disulfide-containing proteins through alkylation and reduction of whole cell extract. In this way, disulfide containing proteins could be specifically Figure 3 . Two-dimensional gel electrophoresis of periplasmic fraction (100 μg) of H. pylori strain 26695. The proteins were separated on an immobilized pH gradient strip and subsequently on a 13% SDS-PAGE gel. The gels were stained by silver staining and were scanned and processed using Fluor-S MutiImager system and the PDQUEST-2D Gel analysis software (Bio-rad, vesion 7.01, CA, USA). Locus No. represent protein spots showed >2-fold higher intensity in the periplasmic fraction (B) than in the pellet (A). HP0211 has a disulfide bond and β-lactamase activity (68), HP0235 was reported to be one of the slr gene family (69) and Msr has an important function as a repair enzyme for proteins that have been inactivated by oxidation (70) . Other intensities in the periplasmic space ( Fig. 3 and Table 2 ), demonstrating that these proteins might be located in the outer region of the plasmic membrane and act as first defense factors against environmental oxidative stresses.
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Finally, this study suggests that thiol-affinity chromatography is an effective tool of separation and identification using the 2-DE system and mass spectrometry of disulfide containing proteins from total cell extracts. In particular, 17
of the identified proteins were newly identified for H. pylori.
Disulfide containing proteins identified in this study will provide the standard landscape for constructing the proteome components responsible for redox regulation of H. pylori.
